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DESCRIPTIOM 

IMMUNOGENIC PEPTIDES OF P ROSTATE RPBQ lFic AMTTttra 
Field of the Intrenfc-ir™ 

The invention relates generally to the field of 
cancer diagnosis. More particularly, there is described 
an immunological method, and accompanying reagents, for 
the production of antibodies useful in the diagnosis of 
prostate cancer. 

11 • Backgroun d of fch» Invention 

•Prostate -cancer is prevalent in" old: age, with 
approximately one-half of all males over the age ^f 'W 
having been shown to develop prostatic cancer. This high 
xncidence rate has led to the search for markers that may 
be useful in the detection of prostate malignancy. For 
example, serum acid phosphatase activity is elevated in 
patients having metastasized prostate carcinoma. Gutman 
et al_, j. ciin. Invest. 17:473 (1938). Numerous studies 
of this enzyme and its relation to prostatic cancer have 
been made, but attempts to develop a specific test for 
prostatic acid phosphatase have met with only limited 
success. One problem is that there are difficulties 
associated with accounting for biological and 
immunological activity of unrelated phosphatases. 
Immunologic assays suffer additional limitations in terms 
of sensitivity. 

Prostate specific antigen, or PSA, has been studied 
as another possible serum marker for prostatic cancer. 
The serum concentrations of PSA correlate with the 
clinical stage of prostatic cancer in untreated patients 
and are increased in 86% of patients with benign 
prostatic hyperplasia. PSA, also characterized 
independently as seminal plasma protein p30 (Sensabaugh : 
and Blake, J. Urol. (UNITED STATES) Dec 1990, 144 (6) 
P1523-6) or as [7] -seminoprotein, (Kara and Kimura, J. 
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Lab. Clin. Med. (UNITED STATES) May 1989, 113 (5) 
p541-8), is a glycoprotein of 33-34 kDa. PSA is 
synthesized in, and secreted by, the epithelial cells of 
the prostate gland. It belongs to the group serine 
proteases, and the high molecular weight seminal vesicle 
protein of seminal coagulates is thought to be its normal 
biological substrate. Elucidation of the amino acid 
sequence of mature human PSA by sequencing of the protein 
and corresponding cDNA showed that PSA closely resembles 
many murine and human proteases of the kallikrein family. 

• ■ • Testing • for PSA expression 1 " fias ' become; *n. important 
methods in diagnosing and managing prostate cancer. The,' 
test is widely used, along with digital rectal 
examination and diagnostic ultrasonography, to permit an 
early diagnosis of prostate cancer in high-risk men. 
After radical prostatectomy, a fall in the serum PSA 
concentration to undetectable levels gives assurance of 
curative therapy, while measurable PSA concentrations 
which persist after surgery indicate the existence of 
extra- capsular disease and the need for additional 
therapy. Serial PSA monitoring of patients after 
curative therapy can identify patients who develop 
recurrent disease, in many cases long before clinical 
symptoms are evident. 

■ - , ■ • ■ 

Because of its potential as a diagnostic marker for " 
human prostate cancer, it will be of interest to develop- 
immunologic reagents capable of reacting specifically 
with PSA. In light of the structural relationship 
between PSA and other molecules, however, it appears that 
it will be necessary to generate antibodies against 
fragments of PSA, rather than against the entire 
molecule. Fragments can be generated by proteolytic 
cleavage but, because the sequence of PSA is known, it '' 
also is possible to chemically synthesize oligopeptides 
of interest. 
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Unfortunately, the ability of a given oligopeptide 
to elicit antibody responses that cross -react with the 
native molecule currently is unpredictable at best. One 
reason is that oligopeptides only have the ability to 
represent linear or "continuous" epitopes. 
"Discontinuous" epitopes are composed of sequences from 
throughout an antigen and rely on folding of the pro&ein 
to bring the sequences into close proximity of one 
another. Clearly, oligopeptides are incapable of 
representing such epitopes. Moreover, even though 
continuous epitopes are structurally less complicated 
than discontinuo&s 4 'ories , thefire • jremainfe only ; a .popr 
understanding of how the immune system recognizes and 
responds to these antigenic species . 

The foregoing limitations are significant in that 
the clinical accuracy of a immunodiagnostic PSA assay is 
related to the specificity and sensitivity of the test 
procedure. Recently, it has been demonstrated that the 
existing monoclonal antibodies and polyclonal antisera 
used for current PSA assays cross-react with HgK-1 . This 
raises serious questions regarding the accuracy of these 
tests and highlights the importance of developing more " 
selective reagents for this kind of assay. 

Unfortunately, the -ability to predict which portions 
of a given antigen reflect epitopes presently is limited. 
On the other hand, random screening of oligopeptides to 
determine potential immunogens is a time-consuming and " 
expensive endeavor that is impractical with even 
moderately-sized polypeptides. Thus, the identification 
of immunologic oligopeptides of PSA suitable for use in 
the development of PSA- specific antibodies is. of 
paramount importance. 



WO 96/40754 



PCT/US96/09303 



- 4 - 

III* flnmma^r Q f tne Invention 

Therefore, it is an object of the present invention 
to provide a panel of inununodominant peptides suitable 
for the generation of antibodies to PSA. it also is an 
5 object of the present invention to provide compositions 
including immunodominant PSA peptides suitable for the 
immunization of animals. It is yet another object of the 
present invention to provide methods for the generation 
of polyclonal and monoclonal antibodies reactive with PSA 
10 peptides and to PSA itself. 

In fulfilling: -these*- objects, there is^" provided a 
peptide of twelve to twenty-one contiguous amino acid 
residues from the sequence of PSA, wherein said peptide- 
is defined by a motif of about fifteen to twenty-one 
amino acid residues in length having two hydrophobic and 
one hydrophilic regions arranged in the following manner: 

hydrophobic-hydrophilic-hydrophobic 

wherein each of said hydrophobic and hydrophilic regions 
are of about five amino acid -residues in length. In one 
embodiment, the motif further is defiried by a proline 
residue (i) within said hydrophilic region, (ii) at the . 
border of said hydrophilic region or (iii) at .least. f,ive" r 
amino acid residues' from one end of said, peptide ' in 
another embodiment, the peptide further comprises a 
leucine, isoleucine or asparagine residue within one or 
both of said hydrophobic regions. In yet another 
embodiment, the peptide further is characterized by an 
approximated 360" (-) cosine hydrophilicity pattern. 

In a particular embodiment, the peptide corresponds- 
to the twenty-one N- or C- terminal residues of the * 
sequence of PSA. In other particular embodiments, the " 
amino acid sequence of the peptide is selected from the 
group consisting of LYTKWHYRKWIKDTI VANP , 
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AVKVMDLPQEPALGTTCYA , I VGGWECEKHSQPWQVLVAS , 
CAQVHPQKVTKFML, YLMLLRLSE PAELTDDAVKVM , 

LLKNRFLRPGDDSSHDLMLLY , and I LLGRHSLFHPEDTGQVFQVY . A 
preferred embodiment is a peptide having the sequence 
5 CAQVHPQKVTKFML. Also included within the invention aore 
variants of peptides having the above amino acid sequence 
where the variant have one, two, three, four or five 
residues that are conservative variations of the selected 
sequence . 

0 . 

Also provided are antigenic : compositions comprising 
' -\ ariy.c£ this* tbregoing' peptides and a carrier molecule., 
and/or an adjuvant. 

There also is provided a polyclonal antisera 
specific for a peptide of twelve to twenty-one contiguous 
amino acid residues from the sequence of PSA, wherein 
said peptide is defined by a motif of about twelve to 
twenty-one amino acid residues in length having two 
hydrophobic and one hydrophilic regions arranged in the 
following manner; 

hydrophobi c - hydrophi l i c - hydrophobic 

\ wherein. each of said hydrophobic and ^hydrophilic regions i 
are of. about five amino acid residues in length: in 
another embodiment, 

the motif further is defined by a proline residue (i> 
within said hydrophilic region, (ii) at the border of 
said hydrophilic region or (iii) at least five amino acid 
residues from one end of said peptide. A preferred 
antisera is specific for CAQVHPQKVTKFML. 

There also is provided a polyclonal antisera 
generated by immunization of an animal with a peptide of 
twelve to twenty-one contiguous amino acid residues from 
the sequence of PSA, wherein said peptide is defined by a 
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motif of about fifteen to twenty-one amino acid residues 
in length having two hydrophobic and one hydrophilic 
regions arranged in the following manner; 

5 hydr ophobi c - hydrophi lie - hydrophobi c 

wherein each of said hydrophobic and hydrophilic regions 
are of about five amino acid residues in length. In 
another embodiment, at least 80% of the antibodies of 
10 said antisera bind to the same determinant of said 

peptide . A preferred embodiment is. a peptide with the 
/ sequence CAQVffl*QKVTKFML . ' * : '* "'">• ; " 

There also is provided a method for diagnosing 
15 prostate cancer comprising the steps of (i) providing a 
sample; (ii) contacting said sample with antisera 
specific for a peptide as defined above; and (iii) 
detecting the binding said antibody to a polypeptide in 
said sample. In one embodiment, the method is practiced 
20 in vivo. Alternatively, the method can be practiced in 
vitro. In another embodiment, the antisera is a 
polyclonal antisera. In yet another embodiment, the . - . • 
method is an ELISA. 

25 - Other objects, features and advantages of . the •ifeiV:^ 

present. invention. will become apparent from the* following 
detailed description. It should be understood, however, 
that the detailed description and the specific examples, 
while indicating preferred embodiments of the invention, 

30 are given by way of illustration only, since various 

changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 

35 IV. Brief Description of the Drawings 

FIG. I. The amino acid sequence for PSA is shown. 
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V. Detailed Description of the Invention 

Because PSA is a potential target for diagnosing 
prostate cancer, the development of immunologic reagents 
for the identification of PSA is of considerable interest 
5 to both patients and clinicians. As stated above, PSA 
bears a striking homology to certain kallikreins and, 
therefore, a significant chance for cross - reactivity with 
non-PSA antigens exists. In order to generate PSA 
specific antibodies, it will be necessary to use 

10 fragments of PSA and, in all probability, relatively 

short peptides that represent sequences unique to PSA. A 
significant body of literature exists, hoWeVer, 
indicating that a randomly selected oligopeptide from : 
within a larger polypeptide molecule only rarely elicits 

15 a high titer, high affinity antibody response that reacts 
with the native molecule. 

Using a novel method for analyzing the 
immunogenicity of polypeptides, the present * inventors 
20 were able to identify fourteen putative continuous 

epitopes in PSA. Seven of these epitopes were identified 
as meeting criteria favorable for immunologic reactivity* 
Peptides representing these, epitopes reacted more 
strongly with polyclonal antisera than did peptides 
25 representing the remaining seven epitopes. -■'In.v^dit.^n^'; 
three existing {monoclonal antibodies were fo\ind : to 
recognize two of the seven immunodominant epitopes, thus 
confirming the importance of these epitopes and the ^ 
significance of the model. 
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An Immunologic Model for Identifying Linear Epitopes 
One embodiment of the present invention involves the 
identification of immunologic epitopes within PSA. To 
select PSA peptides for further analysis, the present 
5 inventors developed a method for the identification of 
immunodominant epitopes within polypeptides. The method 
is premised on the notion that linear epitopes are 
defined by two "descriptors." The first descriptor is a 
continuous sequence of approximately twelve to twenty-one 
10 amino acids that forms a "relative" hydrophobic- 

hydrophilic-hydrophobic motif, with each of these three 
: charged regions -containing about 'five amino acids>. : By 
"relative," it is meant that there need not be absolute 
hydrophobicity or hydrophilicity as defined by classic 
15 hydrophobicity or hydrophilicity determinations but, 

rather, that the regions be hydrophobic or hydrophilic 
with respect to each other and to the flanking sequences. 

The second descriptor is a proline residue at one of 
20 the hydrophilic -hydrophobic borders or within the 
hydrophilic region. When a portion of an antigen 
contains both of these descriptors, it. is expected to 
represent a particularly immunogenic portion of the 
molecule. As a general proposition, N- and C- terminal 
25 , peptides haying the first, but not the secqn4 ^descriptor, 
.- also are considered tb.be promising epitopes.. " " 

A series of rules are applied as follows. First, 
potential epitopes are identified by locating every 

30 proline residue within the polypeptide. Second, roughly 
twenty-one amino acid "arrays" are defined for each 
proline, where the proline is placed at the 11th residue 
of the 21-mer. Third, all non-overlapping arrays are 
identified. Fourth, a relative hydrophilic or 

35 hydrophobic label is assigned to each residue within the 
unique arrays according to the method of Jainin, Mature . 
277: 491-492 (1979) . Hydrophobic-hydrophilic-hydrophobic 
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patterns are identified where the proline falls within 
one of the relatively hydrophilic regions. Arrays thus 
identified have a high probability of representing 
immunogenic epitopes. 

5 

In addition, it may prove useful to further rank the 
epitopes identified according to the above-noted rules. 
For example, it is considered even more desirable that 
the hydrophobic region contain a leucine, isoleucine or 
10 lysine. 

Another positive indicator of immunodomitiance is an. 
approximated 360° (-) cosine pattern resulting from a 
Kyte-Doolittle (1982) hydrophilicity plot. Abramowitz ; 

15 and Stegun, Eds., HANDBOOK OF MATHEMATICAL FUNCTIONS WITH 
FORMULAS, GRAPHS AND MATHEMATICAL TABLES, National Bureau 
of Standards and Applied Mathematics, Series #55, June 
1964, p. 71-79. The specific definition of the negative 
cosine curve was as provided in the Microsoft Fortran 

20 Library, version 5.1 or PC's. The Kyte-Doolittle 

measurement scale assigns a hydropathy score to each 
natural amino acid based on side chain (i) interior- 
exterior distribution and (ii) water- vapor transfer free 
energy as determined by water-vapor partition v- v 

25 : 'coefficients. The values, are average over a 5-7 residue " 
window and 1 a value assigned to each window. • 

Peptides of PSA 

The cDNA for PSA predicts a 362 amino acid 
30 preproprotein . This form contains two cleaved sequences . 
not present in the mature molecule. The first is a 
seventeen amino acid hydrophobic leader sequence and the 
second is a seven amino acid "pro" sequence. Thus, .the 
mature molecule is 238 amino acids, with the first amino* 
.35 acid of the mature protein being the twenty-fifth 
predicted from the. cDNA. 
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As described in the examples, PSA was divided into 
14 peptides ranging in size from 16 to 21 amino acids for 
the initial analysis. For purposes of the present 
invention, the epitopes defined in PSA will be 12 to 25 
5 amino acids in length. Antibodies will bind a peptide 

epitope having an immunodominant epitope motif defined* by* 
an adjacent hydrophobic, hydrophilic, and hydrophobic 
region with a proline in the hydrophilic region. 

10 The PSA peptides identified in this application may 

be modified for particular purposes according to methods 
well -known to those' of skill in the art , For -example ^ t 
particular peptide residues may be derivatized or: 
chemically modified in order to alter the immune response 

15 or to permit coupling of the peptide to other agents. It 
also is possible to change particular amino acids within 
the peptides without disturbing the overall structure or 
antigenicity of the peptide. Such changes are therefore 
termed "conservative" changes and tend to rely on the 

20 hydrophilicity or polarity of the residue. The size 
and/or charge of the side chains also are relevant 
factors in determining which substi tut ions are 
conservative. 

25.. . . ; . ; It is. also -well understood by the . skilled % ^xt^^y^ 
y Vthat, Inherent in the definition of a\ biologically 

functional equivalent protein or peptide, is the concept 
that there is a limit to the number of changes that may 
be made within a defined portion of the molecule and 

30 still result in a molecule with an acceptable level of 

equivalent biological activity. Biologically functional 
equivalent peptides are thus defined herein as those . 
peptides in which certain, not most or all, of the amino: 
acids may be substituted. Particular embodiments 

35 encompass variants that have one, two, three, four, five 
or more variations in the peptides sequence. Of course, 
a plurality of distinct proteins/peptides with different 
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substitutions may easily be made and used in accordance 
with the invention. 

An analysis of the size, shape and type of the amino 
5 acid side- chain substituents reveals that arginine, 

lysine and histidine are all positively charged residues; 
that alanine, glycine and serine are all a similar size; 
and that phenylalanine, tryptophan and tyrosine all have 
a generally similar shape. Therefore, based upon these 
10 considerations, arginine, lysine and histidine; alanine, 
glycine and serine; and phenylalanine, tryptophan and 
tyrosine; are defined herein as biologically' functional 
equivalents. 

15 The hydropathic index of amino acids also may be 

considered. Each amino acid has been assigned a 
hydropathic index on the basis of their hydrophobicity 
and charge characteristics, these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine 
20 (+2.8); cysteine/cystine (+2.5); methionine (+1.9); 

alanine (+1.8); glycine (-0 .4) ; threonine* (-0.7) ; serine 
(-0.8); tryptophan (-0.9); tyrosine (-1.3); proline 
(-1.6); histidine (-3.2); glutamate (-3.5); glutamine 
(-3.5); aspartate (-3.5); asparagine (-3.5); lysine 
25 (-3 f 9) ; and arginine (-4,5)1. *.V • V'-"' 

The importance of the hydropathic amino acid index 
in conferring interactive biological function on a 
protein is generally understood in the art (Kyte & 

30 Doolittle, J. Mol. Biol. 157:105-132, 1982). It is known 
that certain amino acids may be substituted for other 
amino acids having a similar hydropathic index or score 
and still retain a similar biological activity. 
making changes based upon the hydropathic index, the 

35 substitution of amino acids whose hydropathic indices are 
within ±2 is preferred, those which are within ±1 are 
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particularly preferred, and those within ±0.5 are even 
more particularly preferred. 



It is also understood in the art that the 
5 substitution of like amino acids can be made effectively 
on the basis of hydrophilicity, particularly where the 
biological functional equivalent protein or peptide 
thereby created is intended for use in immunological 
embodiments, as in the present case. U.S. Patent 

10 4,554,101, incorporated herein by reference, states that 
the greatest local average hydrophilicity of a protein, 
as governed by thk hydrophilicity of its^ adjacent, amine) 
acids, correlates with its immunogenicity and 
antigenicity, i.e., with a biological property of the 

15 protein. 

As detailed in U.S. Patent 4,554,101, the following 
hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 

20 ± 1); glutamate (+3.0 ± 1); serine (+0.3); asparagine 

(+0.2) ; glutamine (+0.2) ; glycine (0) ; threonine (-0.4) • ,. 
proline (-0.5.+ 1); alanine (-0.5); histidine (-015); 
cysteine (-1.0); methionine (-1.3); valine (-1.5); 
leucine (-1 . 8) ; isoleucine (-1.8); tyrosine (-2.3); 

25 phenylalanine (-2.5).; tryptophan (-3.4) . ' , 

In making changes based upon similar hydrophilicity 
values, the substitution of amino acids whose 
hydrophilicity values are within ±2 is preferred; those 
30 which are within ±1 are particularly preferred, and those 
within ±0.5 are even more particularly preferred. 

Having identified peptidyl compounds suitable for 
use as immunogens, it also is contemplated that other 
35 sterically similar compounds may be formulated to mimic 

the key portions of the peptide structure. Such ^ 
compounds, which may be termed peptidomimetics, may be . 
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used in the same manner as the peptides of the invention 
and hence are also functional equivalents. The 
generation of a structural functional equivalent may be 
achieved by the techniques of modeling and chemical 
5 design known to those of skill in the art. It will be 
understood that all such sterically similar constructs 
fall within the scope of the present invention. 



Another method for determining the "equivalence" of 
10 modified peptides involves a functional approach. For 
example, a given peptide can be used to generate 
monoclonal or polyclonal antibodies . These' antibodies 
can then, in turn, be used to screen libraries of 
degenerate peptides that include thousand or hundreds of 
15 thousands of other peptides, thereby identifying 
structures that are, at least to a certain extent, 
immunologically equivalent. Of course, these structures 
may bear some primary sequence homology to the peptide 
used to generate the antibodies, but they also may be 
20 quite different. 

Other Antigens as Sources for Peptides 
In theory the application of the. immunological model 
described above could be applied to practically any 
25 polypeptide- Some examples are provided below: 

Lymphokines and Interferons: IL-1, IL-2, IL-3, IL- 
4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL- 
12, IFN-a, IFN-S, IFN-y. 

30 

Cluster Differentiation Antigens and MHC Antigens: 
CD2, CD3, CD4, CD5, CD8 , CDlla, CDllb, CDllc, CD16, 
CD18, CD21, CD28, CD32, CD34, CD35, CD40, CD44, 
CD45, CD54, CD56, K2, Kl, PS, 0<x, Ma, MS2 ,- MSl, 
35. LMP1, TAP2, LMP7, TAP1, OS, IAS, IAa, IES,"IES2, 

IEa, CYP21, C4B, CYP21P, C4A, Bf, C2, HSP, G7a/b, . 
TNF-a, TNF-E, D, L, Qa, Tla, COL11A2, DPS2, DPa2, - 
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DP£l, DPorl, DNa, DMa, DMfi, LMP2, TAP1, LMP7, DOfi, 
DQS2, DQa2, DQS3, DQEl, DQal, DRS, DRa, HSP-70, HLA- 
B, HLA-C, HLA-X, HLA-E, HLA-J, HLA-A # HLA-H, HLA-G, 
HLA-F. 

5 

Hormones and Growth Factors: nerve growth factor, 
somatotropin, somatomedins, parathormone, FSH, LH, 
EGF, TSH, THS- re leasing factor, HGH, GRHR, PDGF, 
IGF-I, IGF-II, TGF-S, GM-CSF, M-CSF, G-CSF, 
10 erythropoietin. 

. T.umor t Markers and Tumor Suppressors: S-HCG, 4-N- 
acetylgalactosaminyltransf erase, GM2 , GD2,GD3, 
MAGE-1, MAGE- 2, MAGE- 3, MUC-1, MUC-2, MUC-3, MUC-4, 

15 MUC-18, ICAM-1, C-CAM, V-CAM, ELAM, NM23, EGFR, E- 

cadherin, N-CAM, CEA, DCC, PSA, Her2-neu, DTAA, 
melanoma antigen p75, K19, HKer 8, pMel 17, 
tyrosinase related proteins 1 and 2, p97, p53, RB, 
APC, DCC, NF-1, NF-2, WT-1, MEN- 1 , MEN- II, BRCA1, ... 

20 VHL, FCC and MCC. 

Oncogenes: ras, myc, neu,. raf, eirJb, src, fms, .j\m\ 
trk, ret, gep, hst, bcl and aJbl. 

25 Complement Cascade Proteins and Receptors : Clq,; 

• Clr, £ls, C4, C2,. Factor D, Factor, 33, ; properdin, C3 , 
C5, C6, C7, C8, C9, Cllhh, Factor H, C4b-binding 
protein, DAF, membrane cof actor protein, 
anaphylatoxin inactivator S protein, HRF, MIRL, CR1, 

30 CR2, CR3, CR4, C3a/C4a receptor, C5a receptor. 

Viral Antigens: HIV (gag, pol, gp41, gpl20, vif, 
tat, rev, nef, vpr, vpu, vpx) , HSV (ribonucleotide 
reductase, or-TIF, ICP4, ICP8, ICP35, LAT- related- 
35 proteins, gB, gC, gD, gE, gH, gl, g*J) , influenza 

(hemagluttinin, neuraminidase, PBi, PB2, PA, NP, M 1# 
M 2 , NS X , NS 2 ), papillomaviruses (El, E2, E3, E4, 
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E5a, E5b, E6, E7, E8, LI, L2) adenovirus (E1A, E1B, 
E2, E3, E4, E5, LI, L2, L3, L4, L5) , Epstein-Barr 
Virus (EBNA) , Hepatitis B Virus (gp27 s , gp36 s , 
gp42 s , p22 c , pol, X) . 

5 

Nuclear Matrix Proteins. 
Timminodominant Motif 

The hydrophilic region as a defining characteristic 
10 of epitope motifs in proteins has been accepted for some 
time. Such an epitope's hydrophilic amino acids are 
generally thought to be- -important" in" that they- situate ,. 
the epitope' on the external portion of the antigen. The 
present invention contemplates a more complex site having 
15 hydrophobic-hydrophilic-hydrophobic structure including 
at least one proline. Like the simpler model, 
hydrophilic interactions probably provide some structural 
features and ensure localization of the epitope on the 
external portion of the antigen. The flanking 
20 hydrophobic interactions at both ends of the hydrophilic 
region may help dock the epitope in the antibody binding . 
site . The bend in the amino acid sequence at proline may 
provide a rudimentary, but easily recognizable three- 
dimensional structure that facilitates the transition 
25 from hydrophilic amino acids regions in the complet^^^ 
epitope of. a protein. " ' ■ '''~*~**S$$ 

An antibody' s binding to a complete peptide epitope • 
containing about fifteen amino acids would theoretically 
30 enable the epitope to occupy the entire space within an 
antibody binding site as predicted by X-ray . 
crystallographic studies. This most efficient use of all 
the amino acids in an epitope would result in the' • . ' - 
maximization of the available free energy for bond 
35 formation and account for the relatively high affinity of 
binding manifested in antibody- epitope interactions. 
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A relevant observation regarding this motif was 
provided in a literature report about an antibody epitope 
to the alpha subunit of the acetylcholine receptor from 
Torpedo californica electric organ {Biochemistry 30:2470- 
5 2477, 1991) . The authors observed that the relatively 
hydrophilic peptide NPDVK from the receptor could not 
bind antibody alone. Rather, binding occurred only after 
the addition of either the hydrophobic LI amino acids to 
the amino- terminus or the hydrophobic AI amino acids to 
10 the carboxy- terminus, suggesting the importance of a 

hydrophobic binding region occurring on either side of 
the middle region. These findings' are consistent with 
three partial epitopes - hydrophobic -hydrophilic- 
hydrophilic -proposed here. 

15 

Rabbit antiserum was produced to the 14mer peptide 
T I NKEDDES PGL YG linked to keyhole limpet hemocyatfin;- "In a 
competitive ELISA, the affinity of the antiserum antibody 
population that binds to TINKED is the same for the 5mer 

20 peptide TINKE as for the llmer TINKEDDESPG. Also in an 
ELISA, the antiserum does not bind to the peptide 
•NKEDDES, but the 3mer TIN partially inhibits the binding 
of the antiserum to TINKED. Thus> from the 14mer, the 
isolated hydrophilic amino acids NKEDDES could not bind . 

25 antibodies alone but one or both of the amino acids. T and-; 
i; most likely I, is important in .anchoring > tjie ' 
N-terminus of the epitope to an antibody binding site. 

In a competitive ELISA, the affinity of the antisera 
30 that binds to TINKED is greater for the 14mer 

TINKEDDESPGLYG than for the llmer TINKEDDESPG. Thus, it 
is apparent that the epitope defined by this antisera 
also requires at least one of the C-terminal hydrophobic 
amino acids, L, Y or G, for its complete expression. 



35 



When the sequence order of the amino acids in this - 
epitopic region was inverted, other similarities with the 
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peptide TINKEDDESPGLYG, immunochemically characterized 
above, were noted: 



TINKEDDESPGLYG 
5 VGEIASKVDPNKI L 

Both epitopes had relatively hydrophobic termini with 
leucine and/or isoleucine also present, indicating the 
possibility of a ubiquitous hydrophobic binding mechanism 

10 occurring in the termini. The lysine relative to 
isoleucine also may be implicated. The possible 
existence of such a "hydrophobic zipper" biriditig 
mechanism with leucines playing a major role has been 
proposed recently to be important in protein folding 

15 dynamics {Proc. Nat'l Acad. Sex. USA 90:1953, 1993; 

Science 263:536, 1994) . The middle sections in both of 
these examples are relatively hydrophilic, do not bind 
antibody by themselves, and a proline is located at the 
border within the relatively hydrophilic region of the 

20 peptide in both, although the sequence order is from the 
C-terminal to N-terminal in the lower example. Hydrogen, 
bonding utilizing the middle hydrophilic amino acids may 
play a significant role in determining epitope 
specificity, even though not contributing greatly to the 

25 overall strength of the antibody-epitope bond. 

Known antibody epitopes ascribed to four proteins 
reported in the scientific literature were evaluated for 
their correspondence with the proline and hydrophobic- 
30 hydrophilic-hydrophobic immunodominant epitope motif. 

The motif was used to successfully locate immunodominant 
and neutralizing antibody epitopes for the following: 

a) The three most immunodominant 'epitopes from the 
35 437 amino acid equine infectious anemia virus 

surface unit glycoprotein gp90 (J. Virol. 66:732- 
742, 1992) were predicted. The dual motifs model 
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actually predicted four immunodominant regions- The 
fourth predicted region was not tested for in the 
published study. 

b) The single neutralization epitope for the four 
hundred and twenty- four amino acid Semliki Forest 
virus E2 membrane protein (J. Gen. Virol. 72:557- 
565, 1991) matched one of the seven sites predicted 
by the model . 

c) The major immunodominant epitope mapped in 
human cytomegalovirus glycoprotein gp58 (Fur.. J. 
Biochem. 215:383-387, 1993) was one of two sites 
predicted by the model in the eighty- three amino 
acid region of the protein that was thought to 
contain this epitope. 

d) The epitope recognized by one of two monoclonal 
antibodies elicited against the 500 amino acid tick- 
borne encephalitis envelope protein E also was 
located (J. Gen. Virol. 74:2031-2035, 1993) by this 
method. The epitope for the other monoclonal 
antibody was mapped to the N- terminal region of the 
protein. This site contained neither a proline or 
hydrophobic-hydrophilic-hydrophobic motif, hut as ; 
previously indicated, the N and C-termirial regions 
may nonetheless elicit an antibody response due to 
their high mobility and accessibility. Although not 
tested with polyclonal antiserum, the model 

30 predicted eleven possible immunodominant regions" in 1 

this protein. 

These findings provide strong evidence that the. proposed . 
motif is an indicator of immunologic significance in 
35 antigens. 



20 
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The immunodominant motif identifies regions in 
various proteins that elicit high titer antibody 
responses because it defines loop or pseudo-loop 
structures in proteins known to elicit high titer 

5 functional antibodies in proteins such as HIV-1 gpl20. 

It is hypothesized that some mutated epitopes have become 
immunologically dysfunctional due to their having a 
disrupted immunodominant motif pattern. In light of the 
present disclosure, it is now possible to bioengineer 
10 replacement epitopes capable of eliciting a functional 
immune response directed towards predicted mutated 
protein epitopes. It will be appreciated by those in the 
field that these hew epitopes will have numerous 
applications in microbial and cancer vaccinology, therapy 

15 and diagnosis . 

anU gpn Conditions , Adjuvants and Methods of 
Ijur^inization 

In order to develop ant i- PSA immunologic reagents, 
20 it is contemplated that the peptides identified above . 
will be used in the form of antigen compositions for the 
immunization of animals. Even.though some oligopeptides 
may be immunogenic in and of themselves, it often will be 
desirable to conjugate oligopeptides to higher molecular 
25 weight carrier molecules. Two common carrier molecules, 
are bovine serum albumin (BSA) and keyhole limpet 
hemocyanin (KLH). Other albumins such as ovalbumin, 
mouse serum albumin or rabbit serum albumin also can be . 
used as carriers. Synthetic carriers also are used and - 
30 are readily available. Means for conjugating a 

polypeptide to a carrier protein are also well known in 
the art and include glutaraldehyde , m-maleimidobencoyl-N- 
hydroxysuccinimide ester, carbodiitnide and bis-biazotized 
benzidine. 



35 



A variety of different PSA immunogens can be used to 
produce monoclonal antibodies according to the present ■* 
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invention. For example, peptides may be chemically- 
synthesized, based on the identified PSA sequences. In 
certain cases, it may be desirable to link several PSA 
epitopes together in a single immunogen. Again, these 
5 immunogens can be synthesized chemically, either as a 
single molecule or separately followed by conjugation. 
With larger peptides, it may prove more practical to 
create synthetic genes and express the corresponding 
protein in a host cell (e.g., a bacterial, insect, yeast 

10 or mammalian cell) . Transformation of host cells may be 
either transient or stable. Stable transformation may be 
achieved by either integration dhto the host genome or by 
episomal maintenance of an expression vector. Bacterial 
hosts are desired where post-translational modifications 

15 of the protein to be produced are minimal. Where post- 
translational modifications are significant, it may be 
necessary to use eukaryotic hosts such as insect, yeast, 
mammalian or even human cells. 

20 In certain situations, it will be desirable to 

provide adjuvants that enhance the immune response to PSA 
peptides. Such adjuvants include all 

acceptable immunos timul a tory compounds such as cytokines, 
toxins or synthetic compositions. Examples of these are 

25 IL-1, IL-2, BCG, aluminum hydroxide, N- acetyl -muramyl -L - - 
threonyl-D-isoglut amine (thur-MDP) , N-acetyl-nor-muramVl- 
L-alanyl-D-isoglutamine (CGP 11637, referred to as nor- 
MDP) , N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine- 
2- (1' -2' -dipalmitoyl-sn-glycero-3.-hydroxyphosphoryloxy) - 

30 ethylamine (CGP) 1983A, referred to as MTP-PE) , lipid A, 
MPL and RIBI, which contains three components extracted 
from bacteria, monophosphbryl lipid A, trehalose 
dimycolate and cell wall skeleton (MPL+TDM+CWS) in a 2% 
squalene/Tween 80 emulsion. Liposomes also can be used 

35 as adjuvants. . 
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In addition to adjuvants, it may be desirable to 
coadminister biologic response modifiers (BRM) , which 
have been shown to downregulate suppressor cell activity. 
Such BRM' s include, but are not limited to, Cimetidine 
5 (CIM; 1200 mg/d) (Smith/Kline, PA); Indomethacin (IND; 
150 mg/d) (Lederle, NJ) ; or low-dose Cyclophosphamide 
(CYP; 75, 150 or 300 mg/m 2 ) (Johnson/Mead, NJ) . 

Antigen compositions of the present invention 

10 include PSA antigens advantageously administered in the 
form of injectable, pharmaceutical compositions. A 
.typical composition for s\ich purpose comprises a 
pharmaceutical^ acceptable carrier. For instance, the 
composition may contain about 10 mg of human serum 

15 albumin and from about 20 to 200 micrograms of the 
labeled monoclonal antibody or fragment thereof per 
milliliter of phosphate buffer containing NaCl. Other . 
pharmaceutical^ acceptable carriers include aqueous 
solutions, non- toxic excipients, including salts, 

20 preservatives, buffers and the like. Examples of non- 
aqueous solvents are propylene glycol, polyethylene . ' 
glycol,; vegetable oil and injectable organic esters , such 
as ethyloleate. Aqueous carriers include water, 
alcoholic/aqueous solutions, saline- solutions, parenteral 

25 vehicles such as sodium chloride, Ringer's dextrose, etc. 
Intravenous vehicles include fluid and nutrient - 
replenishers. Preservatives include antimicrobial, anti- 
oxidants, chelating agents and inert gases. The pH and 
exact concentration of the various components the 

30 pharmaceutical composition are adjusted according to 
routine skills in the art. 

Antibodies and Antibody Production 
As stated above, one of the uses for PSA peptides 
35 according to the present invention is to generate 

antibodies. Reference to antibodies throughout the 
specification includes whole polyclonal and monoclonal 



WO 96/40754 



PCI7US96/09303 



22 



35 



antibodies, and parts thereof, either alone or conjugated 
with other moieties. Antibody parts include Fab and 
F(ab) 2 fragments and single chain antibodies. The 
antibodies may be made in vivo in suitable laboratory 
5 animals or in vitro using recombinant DNA techniques. 

Means for preparing and characterizing antibodies 
are well known in the art. See, e.g., ANTIBODIES: A 
LABORATORY MANUAL, Cold Spring Harbor Laboratory, 1988 

10 (incorporated herein by reference) . The methods for 
generating polyclonal antibodies are well, known in the 
art. Briefly,, polyclonal antisera is prepared by 
immunizing an animal. with an immunogenic composition in / 
accordance with the present invention and collecting 

15 antisera from that immunized animal. A wide range of 
animal species can be used for the production of 
antisera. Typically the animal used for production of 
ant i -antisera is a rabbit, a mouse, a rat, a hamster, a 
guinea pig, a goat, a sheep or a chicken. Because of the 

20 relatively large blood volume of rabbits, a rabbit is a. 
preferred choice for production of polyclonal antibodies. 

The amount of immunogen composition used in the. 
production of polyclonal antibodies varies upon the 
nature of the immunogen, as well as the animal used for 
immunization. A variety of routes can be used to ' 
administer the immunogen (subcutaneous, intramuscular, 
intradermal, intravenous and intraperitoneal) . The 
production of polyclonal antibodies may be monitored by 
sampling blood of the immunized animal at various points 
following immunization. A second, booster injection, 
also may be given. The process of boosting and titer ing 
is repeated until a suitable titer is achieved. * When a 
desired level of immunogenicity is obtained, the 
immunized animal can be bled and the serum isolated and 
stored, and/or the animal can be used to generate MAbs 
(below) ; 



25 
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One of the important features provided by the 
present invention is a polyclonal sera that is relatively 
homogenous with respect to the specificity of the 
antibodies therein. Typically, polyclonal antisera is 
5 derived from a variety of different "clones," i.e., B- 
cells of different lineage. Monoclonal antibodies, by 
contrast, are defined as coming from antibody-producing 
cells with a common B-cell ancestor, hence their "mono" 
clonal ity. 

When peptides are used as antigens to raise : 
polyclonal sera, one. would expect considerably less 
variation in the clonal nature of the sera than if a ' 
whole antigen were employed. Unfortunately, if 

15 incomplete fragments of an epitope are presented, the 

peptide may very well assume multiple (and probably non- 
native) conformations. As a result, even short peptides 
can produce polyclonal antisera with relatively plural 
specificities and, unfortunately, an antisera that does 

20 not react or reacts poorly with the native molecule. 

Polyclonal antisera according to present invention 
is produced against peptides that are predicted to 
comprise whole, intact epitopes. It is believed that 

25 these epitopes are, therefore, more stable in an 

immunologic sense and thus express a more consistent 
immunologic target for the immune system. Under this 
model, the number of potential B-cell clones that will 
respond to this peptide is considerably smaller and, 

30 hence, the homogeneity of the resulting sera will be 

higher. In various embodiments, the present invention 
provides for polyclonal antisera where the clonality, 
i.e., the percentage of clone reacting with the. same 
molecular determinant, is at least 80%. Even higher 

35. clonality - 90%, 95% or greater - is contemplated. 
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Anti-PSA antisera or monoclonal antibodies can be 
identified in a fairly straightforward manner using any 
one of variety of immunological screening assays in which 
antibody competition can be assessed. For example, test 
antibodies can be used in simple competition assays. A 
known antibody preparation and the test antibody are 
premixed, incubated with the antigen composition and 
compete for binding to the PSA peptide. "Antigen 
composition" means any composition that contains some 
version of PSA, whole or fragment, in an accessible form. 
Antigen-coated wells of an ELISA plate are particularly 
preferred. . 

In one embodiment, one would pre -mix the known * - 
antibodies with varying amounts of the test antibodies, 
(e.g., 1:1, 1:10 and 1:100) for a period of time prior to ' 
applying to the antigen composition 7 . If one of the known 
antibodies is labeled, direct detection of the label 
bound to the antigen is possible; comparison to an 
unmixed sample assay will determine competition by the 
test antibody and, hence, cross-reactivity. 
Alternatively, using secondary antibodies specific for 
either the known or test antibody, one will be able to 
determine competition. 

Antibody competition assays are particularly 
suitable for use in an ELISA or RIA microtiter well 
format, but any immunoassay may be used. Most 
preferably, the assay will be capable of generating 
quantitative results. An antibody that binds to the 
antigen composition will be able to effectively compete 
for binding of the known antibody and thus will 
significantly reduce binding of the latter; The , . 

reactivity of the known antibodies in the absence of. any 
test antibody is the control. A significant reduction in 
reactivity in the presence of a test antibody is 
indicative of a test antibody that binds to the PSA 
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peptide, i.e., one that "cross -reacts 11 with the known 
antibody. 

MAbs may be readily prepared through use of well- 
5 known techniques, such as those exemplified in U.S. 
Patent 4, 196 , 265, incorporated herein by reference. 
Typically, this technique involves immunizing a suitable 
animal with a selected immunogen composition, e.g., 
purified or partially purified protein, synthetic protein 

10 or fragments thereof. The immunizing composition is 

administered in a manner effective to stimulate antibody 
producing cells. Rodents such as mice and rats, are , 
preferred animals, however, the use of rabbit, -sheep .or 
frog cells is possible. The use of rats jnay provide 

15 certain advantages, but mice are preferred, with thk 

BALB/c mouse being most preferred as the most routinely 
used animal and one that generally gives a higher 
percentage of stable fusions . 

20 Following immunization, somatic cells with the 

potential for producing antibodies, specifically B 
lymphocytes (B cells), are selected for use in 'the MAb 
generating protocol. These cells may be obtained from 
biopsied spleens, tonsils or lymph nodes, or from a 

25 peripheral blood sample. Spleen cells and peripheral; 

blood cells are preferred, the former because ,tjiey are a 
rich source of antibody- producing cells that are in the 
dividing plasmablast stage, and the latter because 
peripheral blood is easily accessible. Often, a panel of". 

30 animals will have been immunized and the spleen of animal * 
with the highest antibody titer removed. Spleen 
lymphocytes are obtained by homogenizing the spleen with 
a syringe. Typically, a spleen from an immunized mouse 
contains approximately 5 X 10 7 to 2 X 10 8 lymphocytes. 

35 •/ 

The antibody -producing B lymphocytes from the 
immunized animal are then fused with cells of an immortal l 
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myeloma cell, generally one of the same species as the 
animal that was immunized. Myeloma cell lines suited for 
use in hybridoma -producing fusion procedures preferably 
are non-antibody-producing, have high fusion efficiency 
and enzyme deficiencies that render then incapable of 
growing in certain selective media which support the 
growth of only the desired fused cells, called 
"hybridomas. " 

Any one of a number of myeloma cells may be used and 
these are known to those of skill in the art. For 
example, where the immimi zed animal is a mouse, one may 
use P3-X63/Ag8, X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, 
FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bui; 
for rats, one may use R210.RCY3, Y3-Ag 1/2.3, IR983F and 
4B210; and U-266, GM1500-GRG2, LICR-L0N-HMy2 and UC729^6 
are all useful in connection with human cell fusions. 

One preferred murine myeloma cell is the NS-1 
myeloma cell line (also termed P3-NS-l-Ag4-l) , which is 
readily available from the NIGMS Human Genetic Mutant 
Cell Repositpry by requesting cell line repository number 
GM3573. Another mouse myeloma cell line that may be used 
is the 8 -azaguanine- resistant mouse murine myeloma SP2/0 - 
non-producer cell line. 1 1 

Methods for generating hybrids of antibody-producing 
spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 2:1 
proportion, though the proportion may vary from about 
20:1 to about 1:1, respectively, in the presence of an 
agent or agents (chemical or electrical) that promote the 
fusion of cell membranes. Fusion methods using Sendai 
virus have been described by Kohler and Milstein Nature 
256:495-497 (1975) and Eur. J. Immunol. 6:511-519 (1976), 
and those using polyethylene glycol (PEG) , such as 37% 
(v/v) PEG, by Gefter et al. Somatic Cell Genet. 3:231-236 
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(1977) . The use of electrically induced fusion methods 
is also appropriate. 

Fusion procedures usually produce viable hybrids at 
low frequencies, about 1 X 10" 6 to 1 X 10" 8 . This does 
not pose a problem, however, as the viable, fused hybrids 
are differentiated from the parental, unfused cells 
(particularly the unfused myeloma cells that would 
normally continue to divide indefinitely) by culture in a 
selective medium. The selective medium generally is one 
that contains an agent that blocks the de novo synthesis 
of nucleotides- 'in the tissue- "culture media: Exemplary 
and preferred agents are aminopterin, methotrexate and 
azaserine. Aminopterin and methotrexate block de novo 
synthesis of both purines and pyrimidines, whereas 
azaserine blocks only purine synthesis. Where' 
aminopterin or methotrexate is used, the media is 
supplemented with hypoxanthine and thymidine as a source 
of nucleotides (HAT medium) . Where azaserine is used, 
the media is supplemented with hypoxanthine. 

The preferred selection medium is HAT, Only cells 
capable of operating nucleotide salvage pathways are able 
to survive in HAT medium. The myeloma cells are 
defective in key enzymes of the salvage pathway, e.g., 
hypoxanthine phosphoribosyl transferase. (HPRT) , and they 
cannot survive. The B cells can operate this pathway, 
but they have a limited life span in culture and 
generally die within about two weeks. Therefore, the 
only cells that can survive in the selective media are 
those hybrids formed from myeloma and B cells. 

This culturing provides a population of hybridomas 
from which specific hybridomas are selected. - Typically, " 
selection of hybridomas is performed by single- clone 
dilution in microtiter plates, followed by testing the 
individual clonal supernatants (after about two to three 
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weeks) for the desired reactivity. The assay should be 
sensitive, simple and rapid, such as radioimmunoassays, - 
enzyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like, 

5 

The selected hybridomas are then serially diluted 
and cloned into individual antibody-producing cell lines, 
which clones can then be propagated indefinitely to 
provide MAbs. The cell lines may be exploited for MAb 

10 production in two basic ways, A sample of the hybridoma 
can be injected, usually in the peritoneal cavity, into a 
hist6compatible v animal of the type that was used to 
provide the somatic and myeloma cells for the original •* . 

fusion. The injected animal develops tumors secreting # 

15 the specific monoclonal antibody produced by the fused ' . *' 
cell hybrid. The body fluids of the animal, such as 
serum or ascites fluid, can then be tapped to provide * 
MAbs in high concentration. The individual cell lines 
could also be cultured in vitro, where the MAbs are 

20 naturally secreted into the culture medium from which 
they can be readily obtained in high concentrations. 
MAbs produced by either means may be further purified, if* * 
desired, using filtration, centrifugation and various .V'v, 
chromatographic methods such as HPLC or affinity .^i : . 

25 . chromatography. " : 

Monoclonal antibodies of the present invention also 
include ant i- idiotypic antibodies produced by methods 
well-known in the art. Monoclonal antibodies according 

30 to the present invention also may be monoclonal 

heteroconjugates, i.e., hybrids of two or more antibody 
molecules. In another embodiment, monoclonal antibodies 
according to the invention are chimeric monoclonal 
antibodies. In one approach, the chimeric monoclonal V' 

35 antibody is engineered by cloning recombinant DNA < 
containing the promoter, leader, and variable - region . " 
sequences, from a mouse anti-PSA producing cell and the 
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constant -region exons from a human antibody gene. The 
antibody encoded by such a recombinant gene is a mouse - 
human chimera. Its antibody specificity is determined by 
the variable region derived from mouse sequences. Its 
5 isotype, which is determined by the constant region, is 
derived from human DNA. 

In another embodiment, monoclonal antibodies 
according to the present invention is a "humanized" 

10 monoclonal antibody, produced by techniques well-known in 
the art. That is, mouse complementary determining 
regions ("CDRs") are transferred from' heavy arid light V -VV 
chains of the mouse Ig into a human V-domain, followed by. 
the replacement of some human residues in the- framework * 

15 regions of their murine counterparts. "Humanized" 

monoclonal antibodies in accordance with this invention ~ 
are especially suitable for use in in vivo diagnostic and 
therapeutic methods. 

20 As stated above, the monoclonal antibodies and* 

fragments thereof according to this invention can be 
multiplied according to in vitro and in vivo methods 
well-known in the art. Multiplication in vitro is 
carried out in suitable culture media such as Dulbecco's > 

25 modified Eagle medium or RPMI 1640 .medium,, optionally,: : ]' : ''\ 
replenished by a mammalian serum such a£ fetal calf serum 
or trace elements and growth- sustaining supplements, 
e.g., feeder cells, such as normal mouse peritoneal 
exudate cells, spleen cells, bone marrow macrophages or 

3 0 the like. In vitro production provides relatively pure 
antibody preparations and allows scale-up to give large 
amounts of the desired antibodies. Techniques for large 
scale hybridoma cultivation under tissue culture \ . 
conditions are known in the art and include, homogenous * 

35 suspension culture, e.g., in an airlift reactor or in a 
continuous stirrer reactor or immobilized or entrapped 
cell culture. 
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Large amounts of the monoclonal antibody of the 
present invention also may be obtained by multiplying 
hybridoma cells in vivo. Cell clones are injected into 
mammals which are histocompatible with the parent cells, 
e.g., syngeneic mice, to cause growth of antibody- 
producing tumors. Optionally, the animals are primed 
with a hydrocarbon, especially oils such as Pristane 
(tetramethylpentadecane) prior to injection. 

In accordance with the present invention, fragments 
of the monoclonal antibody of the invention can be 
obtained from monoclonal antibodies produced as. described ' 
above, by methods which include digestion with enzymes ' 
such as pepsin or papain and/or cleavage of disulfide 
bonds by chemical reduction. Alternatively, monoclonal 
antibody fragments encompassed by the present invention 
can be synthesized using an automated peptide 
synthesizer, or they may be produced manually using 
techniques well known in the art. 

The monoclonal conjugates of the present invention 

are prepared by methods known in the art, e.g., by 

reacting a monoclonal antibody prepared as described 

above with, for instance, an enzyme in the presence of a 

-coupling agent such as. glutaraldehyde or ,periqdate v .V. 

Conjugates with fluorescein markers are prepared in the 

presence of these coupling, agents, or by reaction with an 

isothiocyanate . Conjugates with metal chelates are 

similarly produced. Other moieties to which antibodies 

may be conjugated include radionuclides such as 3 H, 125 I, 
13 1 Z 32 P/ 35 S/ 14 C/ 51 Crf 36 cl< 57 Co , 58 CO/ 59^ 75g e# 

152 Eu, and 99m Tc, are other useful labels which can be 
conjugated to antibodies. Radioactively labeled 
monoclonal antibodies of .the present invention- are. .... 
produced according to well-known methods in the sart . For 
instance, monoclonal antibodies can be iodinated by - 
contact with sodium or potassium iodide and a chemical 
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oxidizing agent such as sodium hypochlorite, or an 
enzymatic oxidizing agent, such as lactoperoxidase . 
Monoclonal antibodies according to the invention may be 
labeled with technetium- "m by ligand exchange process, 
5 for example, by reducing pertechnate with sta nn ous 
solution, chelating the reduced technetium onto a 
Sephadex column and applying the antibody to this column 
or by direct labeling techniques, e.g., by incubating 
pertechnate, a reducing agent such as SNCl 2 , a buffer 
10 solution such as sodium-potassium phthalate solution, and 
the. antibody. 

Immunoassays 

The anti-PSA antibodies will have significant 
15 utility in assays for the detection of the PSA antigen, 

as needed in diagnosis and prognostic monitoring. 

Immunoassays encompassed by the present invention 

include, but are not limited to those described in U.S. 

Pat. Nos. 4,367,110 (double monoclonal antibody sandwich 
20 assay) and U.S. Patent No. 4,452,901 (western blot). 

Other assays include immunoprecipitation of labeled 

ligands and immunocytochemistry, both in vitro" and in , • 

vivo. 

25 Immunoassays, in. their most simpler and direct sense 

are binding assays . Ceirtain preferred immunoassays are 
the various types of enzyme linked immunosorbent assays 
(ELISAs) and radioimmunoassays (RIA) known in the art. 
Immunohistochemical detection using tissue sections is 

30 also particularly useful. However, it will be readily 
appreciated that detection is not limited to such 
techniques, and Western blotting, dot blotting, FACS 
analyses, and the like may also be used. 

35 In one exemplary ELISA, the anti-PSA antibodies of .- 

the invention are immobilized onto a selected surface 
exhibiting protein affinity, such as a well in a 
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polystyrene microtiter plate. Then, a test composition 
suspected of containing the PSA antigen, such as a 
clinical sample, is added to the wells. After binding 
and washing to remove non-specif ically bound immune 
complexes, the bound PSA antigen may be detected. 
Detection is generally achieved by the addition of 
another ant i -PSA antibody that is linked to a detectable 
label. This type of ELISA is a simple "sandwich ELISA" . 
Detection may also be achieved by the addition of a 
second anti-PSA antibody, followed by the addition of a 
third antibody that has binding affinity for the second 
anti-PSA antibody/ :i With the -third' antibody being 1 linked 
to a detectable label. 

In another exemplary ELISA, the samples suspected of 
containing the PSA antigen are immobilized onto the well 
surface and then contacted with the anti-PSA antibodies 
of the invention. After binding and appropriate washing, 
the bound immune complexes are detected. Where the' 
initial anti-PSA antibodies are linked to a detectable 
label, the immune complexes may be detected directly. 
Again, the immune complexes may be detected using a 
second antibody that has binding affinity for the first 
anti-PSA antibody, with the second antibody being linked 
to .a detectable label. ; . ^ 

Competition ELISAs are also possible in which test 
samples compete for binding with known amounts of labeled - 
PSA antigens or antibodies. The amount of reactive 
species in the unknown sample is determined by mixing the/- 
sample with the known labelled species before or during 
incubation with coated wells. The presence of reactive 
species in the sample acts to reduce the amount- of 
labeled species available for binding to the well and. 
thus" reduces the ultimate signal. 



WO 96/40754 



PCT/US96/09303 



- 33 - 

Irrespective of the format employed, ELISAs have 
certain features in common, such as coating, incubating 
or binding, washing to remove non-specif ically bound 
species, and detecting the bound immune complexes. These 
are described as below. 

In coating a plate with either antigen or antibody, 
one will generally incubate the wells of the plate with a 
solution of the antigen or antibody, either overnight or 
for a specified period of hours. The wells of the plate 
will then be washed to remove incompletely adsorbed 
material. Any remaining available surfaces of the wells 
are then "coated" with a nonspecific protein that is 
antigenically neutral with regard to the test antisera. 
These include bovine serum albumin (BSA) , casein and ' 
solutions of milk powder. The coating allows for 
blocking of nonspecific adsorption sites on the - 
immobilizing surface and thus reduces the background 
caused by nonspecific binding of antisera onto the 
surface . 

In ELISAs, it is probably more customary to use "a ■ 
secondary or tertiary detection means rather than a 
direct procedure. Thus, after binding of the PSA or 
ant i PSA antibody to the well, coating, wi.th. r a ijon-. 
reactive material to reduce background, and* Washing to 
remove unbound material, the immobilizing surface is 
contacted with the clinical or biological sample to be 
tested under conditions effective to allow immune complex 
(antigen/ antibody) formation. Detection of the immune 
complex then requires a labeled secondary binding ligand 
or antibody, or a secondary binding ligand or antibody in; 
conjunction with a labeled tertiary antibody or third 
binding ligand. 

"Under conditions effective to allow immune complex 
(antigen/antibody) formation" means that the conditions 
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preferably include diluting the antigens and antibodies 
with solutions such as BSA, bovine gamma globulin (BGG) 
and phosphate buffered saline (PBS}/Tween. These added 
agents also tend to assist in the reduction of 
nonspecific background. 

The suitable conditions also mean that the 
incubation is at a temperature and for a period of time 
sufficient to allow effective binding. Incubation steps 
are typically from about 1 to 2 to 4 hours, at 
temperatures preferably on the order of 25° to 27°C, or 
may be overnight at about 4°C or so-.- ^ . .. 

Following all incubation steps in an ELISA, the 
contacted surface is washed so as to remove non-complexed 
material. Washing often includes washing with a solution 
of PBS/Tween, or borate buffer. Following the formation 
of specific immune complexes between the test sample and 
the originally bound material, and subsequent washing, 
the occurrence of even minute amounts of immune complexes 
may be determined. . 

To provide a detecting means, the second or third 
antibody will have an associated label to allow , . ; ■ 1 

detection. Preferably, this will be an enzyme . that will - : & 
generate color development upon" incubating with an 
appropriate chromogenic substrate. Thus, for example, 
one will desire to contact and incubate the first or 
second immune complex with a urease, glucose oxidase, 
alkaline phosphatase or hydrogen peroxidase -conjugated 
antibody for a period of time and under conditions that 
favor the development of further immune complex 
formation, e.g., incubation for 2 hours at room 
temperature in a PBS - containing solution such as PBS- 
Tween. 
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After incubation with the labeled antibody, and 
subsequent to washing to remove unbound material, the 
amount of label is quantified, e.g., by incubation with a 
chromogenic substrate such as urea and bromocresol purple 
5 or 2, 2' -azino-di- (3 -ethyl -benzthiazoline- 6 -sulfonic acid 
[ABTS] and H 2 0 2 # in the case of peroxidase as the enzyme 
label. Quantification is then achieved by measuring the 
degree of color generation, e.g. , using a visible spectra 
spectrophotometer . 

10 

Alternatively, the label may be a chemiluminescent 
one. The use of such labels is described iri"!?; 3. Patent 
Nos. 5,310,687, 5,238,808 and 5,221,605, all of which are 
incorporated by reference in their entirety. 

15 

A typical application of immunoprecipitation 
involves the use of Staphylococcus aureus bacteria that 
have protein A expressed on the peptidoglycan cell wall . 
In this method, an antibody that recognizes the antigen 

20 of interest is quickly precipitated by the binding of the 
antibody to the protein A on the cells which are then 
easily precipitated by cent rifugat ion. (Kessler, S. W. 
Methods in Enzymology, 73:442, 1981) ; \. Alternatively, 
protein A- conjugated beads can be used in place of the S. 

25 aureus baqteria. -■*-' ■•■ 

Assays for PSA polypeptides also can determine 
normal /abnormal tissue distribution for diagnostic 
purposes. Methods for in vitro and in situ analysis are 

30 well known and involve assessing binding of PSA- specific 
antibodies to tissues, cells or cell extracts. These are 
conventional techniques well within the grasp of those 
skilled in the art. For example, the antibodies of the 
present invention may be used in conjunction with both 

35 fresh-frozen and formalin- fixed, paraffin-embedded tissue 
blocks prepared from study by immunohistochemistry (IHC) . 
Each tissue block may consist of 50 mg of residual 
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«. t-nmor The method of preparing 
..pulverized" ^^°' ictaM specimens has been 
tissue bloCs from these pa ^ ^ 

successfully used m prev ^ . s well 

prognostic factors e^g-, ^ et al., 

known to those of skill (#l51) # l990; ailred et 

Brea6t Cancer^ Tr • 16 :182 (#149 ) , 1990; Brown 

gating SO J of £~ ^ ■ _ 

room temp.erat ure in P centrifugati on; resuspendmg 

pelleting the P^"^ medium (0CT ) , inverting the 
them in a viscous embedding ion; snap - 

; capsule and pelleting again by centrif g e 
^« 70 "C isopentane; cutting tne p 
freezing in -7 l C P o£ tisgue; securing the 

and removing the fr °- * chuck; an d 

tissue cylinder on a cryo ^ &n average of 

cutting 25-50 serial section 
0 lout 500 remarKably intact tumor cells. .. 

pnt sect ions may be prepared by a similar: 
Permanent-sectio Y ^ ^ a . , 

method involving rehydration ^ in 10% ~ , g 

p i as tic microfuge tube;^ ^ ^^^^ -V< JV 

25 formalin for 4 hours , ^ ting; coo iing in- ice 

• • resuming in wa^- g^ ^ block 
wat er to harden the agar ^ ^ 

from the tube; mfiltrat g anent sections, 

, paraffin; and cutting up to 50 seria 

30 le o -relates to an in vivo method of 

The invention also relates £ically , this 

♦-^-derived tumor. Speciricax y, 
imaging a P rostat " ering to a subject an imaging- 

me thod involves ^^^.^eied anti-PSA . 
effective amount of a det ecta y 
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diseased tissue. The term tt in vivo imaging" refers to 
any method which permits the detection of a labeled 
monoclonal antibody of the present invention or fragment 
thereof that specifically binds to a target tissue 
located in the subject's body. A "subject" is a mammal, 
preferably a human. An "imaging effective amount" means 
that the amount of the detectably- labeled monoclonal 
antibody, or fragment thereof, administered is sufficient 
to enable detection of binding of the monoclonal antibody 
or fragment thereof to the diseased tissue. 

Typically/ in vivo imaging relies oh- radionuclides . 
A factor to be considered in selecting a radionuclide for 
in vivo diagnosis is that the half-life must be long 
enough so that it is still detectable at the time of 
maximum uptake by the target, but short enough so that 
deleterious radiation upon the host, as well as 
background, is minimized. Ideally, a radionuclide used 
for in vivo imaging will lack a particulate emission, but 
produce a large number of photons in a 140-2000 keV 
range, which may be readily detected by conventional 
gamma cameras. 

As discussed above in connection with the production - 
of monoclonal conjugates, a radionuclide may be bound to V:V-V! 
an antibody either, directly or indirectly by usi*ig an 
intermediary functional group. Intermediary functional 
groups which are often used to bind radioisotopes which 
exist as metallic ions to antibody are 
diethylenetriaminepentaacetic acid (DTPA) and ethylene 
diaminetetracetic acid (EDTA) . Examples of metallic ions 
suitable for use in this invention are 99m Tc, 123 I, 131 i 
lll ln, 131 I, 97 Ru, 67 Cu, 67 Ga, 125 I, ««Ga. "a., 89 Zr/and - 

201 T1. . '.; 

In accordance with this .aspect of the invention, the 
monoclonal antibody or fragment thereof may be labeled by 
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any of several techniques known to the art. The methods 
of the present invention also may use paramagnetic 
isotopes for purposes of in vivo detection. Elements 
particularly useful in Magnetic Resonance Imaging ( "MRI 11 ) 
include 157 Gd, 55 Mn, 162 Dy, 52 Cr, and 56 Fe. 

Administration of the labeled antibody may be local 
or systemic and accomplished intravenously, 
intraarterially, via the spinal fluid or the like. 
Administration may also be intradermal or intracavitary, 
depending upon the body site under examination. After a 
•sufficient time has lapsed -for the monoclonal antibody or 
fragment thereof to bind with the diseased tissue, for': 
example 30 min to 48 h, the area of the subject under 
investigation is examined by routine imaging techniques 
such as MRI, SPECT, planar scintillation imaging and 
emerging imaging techniques, as well. The exact protocol 
will necessarily vary depending upon factors specific to 
the patient, as noted above, and depending upon the body 
site under examination, method of administration and type " 
of label used; the determination of specific procedures 
would be routine to the skilled artisan. The - 4 

distribution of the bound radioactive isotope and its 
increase or decrease with time is then monitored and 
recorded. By comparing the results with data obtained 
from- studies of clinically normal individually. -the 
presence and extent of the diseased tissue can be 
determined. 

To test antiserum for the presence of antibodies to 

an immunodominant motif epitope, an EL ISA method is 

utilized. The peptide segment representing the 

immunodominant motif epitope is plated in an ELISA 

microtiter plate well as are other immunosubdominant 

epitope peptides in separate wells. Antiserum made to an.* 

- •* 

immunodominant epitope will test positive only in the 
ELISA well in which that epitope peptide is plated and 
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will test negative in wells that contain an epitope 
peptide segment to which no antibodies are present in the 
sample. The extent of the homogeneity of sample 
antibodies for the immunodominant epitope peptide in 
question can thus be quant itated. 

Kits 

The PSA peptides and antibodies of the present 
invention are suitable for use in a kit. Such a kit may 
comprise a receptacle being compartmentalized to receive 
one or more containers such as vials, tubes and the like, 
such containers -holding separate elements "of . the 
invention. For example, one container may contain a 
first antibody bound to an insoluble or partly soluble 
carrier. A second container may contain a soluble, 
detectably- labeled second antibody, in lyophilized form 
or in solution. The receptacle may also contain a third 
container holding a detectably labeled third antibody in 
lyophilized form or in solution. A kit of this nature 
can be used in a diagnostic assay according to the 
invention. Alternatively, the kit may comprise PSA 
oligopeptides, free or bound to carrier molecules. A ;* 
second container may contain carrier or adjuvant. A kit 
of this nature can be used in the production of PSA- 
specific antibodies. 

All of the references mentioned above, to the extent 
that they provide exemplary procedural or other details 
supplementary to those set forth herein, are specifically 
incorporated herein by reference. 
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EXAMPLES: 

Example 1 - Identification of Immunodominant PSA 
Epitopes 

The amino acid sequence of PSA was divided into 
fourteen peptide segments. Thirteen of the peptides were 
19-mers to 21-mers and one peptide was a 16-mer. Seven 
of the selected peptides exhibited an antibody 
immunodominant epitope motif consisting of two 
descriptors: (1) a proline, usually centrally located, 
in or at the border of the middle hydrophilic region of 
sequential amino acids when present, and (2) adjacent 
hydrophbbic-hydrophiricrhydrophobic : regions in a linear 
sequence of from 12-21 amino acids as determined by Kyte- 
Doolittle hydrophilicity plots. Seven of the peptides 
displayed both of the descriptors while five of the 
peptides displayed only the proline descriptors. Two of 
the peptides lacked both the proline and the hydrophobic - 
hydrophilic -hydrophobic region descriptors. 

The combined presence of the two descriptors 
correlated extremely well with the immunodominance of PSA ' 
peptide segments. The six highest scoring PSA peptides 
in terms of ELISA activity with anti-whole PSA antibody 
had both characteristics as did the eighth best. Also, 
the presence of a central proline in a segment lacking 
the adjacent hydrophobic, hydrophilic, and hydrophobic 
region characteristic successfully predicted four of five 
subdominant (moderately ELISA reactive) epitopes, while - 
the absence of both the proline and the hydrophobic-' 
hydrophilic -hydrophobic region characteristics in a 
peptide segment correctly predicted the two least ELISA 
reactive peptide segments. These results substantiate 
the importance of both defining characteristics in the 
immunodominance motif and were confirmed in two separate/. 
ELISA runs. 
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Example 2 - Reactivity of Anti-PSA MAbs with PSA 
Peptides 

In order to further evaluate the immunodominance of 
the identified peptides, three ant i -PSA monoclonal 
antibodies were tested for their EL ISA reactivity with 
all fourteen PSA epitope peptide segments. One 
monoclonal antibody reacted strongly with a PSA peptide 
segment that displayed both descriptors while the other 
two monoclonals scored as strong positive and moderate 
positive, respectively, with another epitope that also 
displayed both descriptors. 
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Example 3 - Determining Homogeneity in Ant i - PSA (163- 
176) Sera 

Sheep antiserum was raised against the PSA 
immunodominant linear epitope spanning PSA amino acids 
5 163-176. This epitope was selected since it had both 
descriptors and also since its sequence was relatively 
non-homologous with another prostatic kallikrein, known 
as human glandular kallikrein (HgK) . 

To test the homogeneity of this PSA antiserum for 
the peptide amino acid sequence 1.63-176., PSA peptide 163- 
176 was plated in duplicate EL ISA microtiter plate well 
rows as were other potential PSA epitope peptides in 
their respective duplicate ELISA plate rows. The PSA 
antiserum was serially diluted and added to the entire 
set of duplicate ELISA well rows. 

The antiserum only tested significantly positive in 
the ELISA well rows that contained the immunogen epitope 

20 peptide comprised of PSA linear amino acid sequence 163- 
176. The titer of the antiserum with this peptide was 
4.3 X 10 6 . While the antiserum did not interact 
significantly with the other PSA epitope peptides, 
however, a background titer of between .1,300 and 30,000 , 

25 was observed. Thus, the specificity of antibodies ♦fqgfc.. 
PSA amino acid sequence 163-176 was quantitatively 
verified. 

Example 4 - PSA Specificity of Anti-PSA(163-176) 
30 Sera 

The sheep polyclonal sera described in Example 3 
further was evaluated in terms of specificity for PSA, as 
opposed to the related kallikrein HgK. The average ELISA 
activities of the anti-PSA (163-176) \sera tested against # 
3 5 the immunogen PSA peptide and HgK were as follows: 
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anti-PSA(163-176) peptide antibody titer to PSA (163-176) 
= 2.965e6 m 

" " " " " to E121 HgK epitope 

= 2.485e4 

These data give an E87 PSA epitope :E121 HgK epitope, 
anti-PSA peptide sera titer ratio of 119:1. This 
demonstrates that the sera is highly specific for PSA. 

Example 5 - Antiserum Purification 

Antisera. raised .in sheep to various PSA peptides are 
used as a source of antibody. This antiserum is affinity 
purified on a PSA peptide column as follows. The antigen 
is coupled to Sepharose CL-6B beads (Pharmacia) at 
approximately 0.5 mg total protein per mg of gel 
following activation with carbonyldiimidazole in dioxan 
(0.4 g per ml of gel) . Coupling is carried out in 0.5M 
Na 2 C0 3' °- 5M NaC1 <pH9.5) at 0°C over two nights. After 
incubation, the gel is washed alternatively in 0.1M 
NaHC0 3/ O.IM NaCl (pH 8.0) and 0.1M CH 3 .COONa.3H 2 0, 0.1M 
glycine HC1 (pH 4.5) and finally washed with ice-cold 
0.1M glycine HC1 (pH 2.5) . The gel is then neutralized 
and stored in 0.01M Tris, 0.15M NaCl (pH 8.0). 

The antibodies against the PSA peptide -are bound to 
the antigen column in Tris-saline buffer (pH 8.0) and 
specifically eluted with 0.1 M glycine-HCl buffer (pH 
2.5). Following elution, the eluant is adjusted to pH 
8.0 using 2 M Tris. Antibody is concentrated on a YM30 
filter and dialyzed into water. Precipitating fats, 
etc., are removed by cent rifugat ion. The dialyzed - * 
antibody solution is then adjusted to 0.1 M NaHC0 3 , 0.5 M : \; 
NaCl (pH 8.3) and incubated overnight at 4°C with CNBr-r 
activated Sepharose. Unreacted groups are blocked with^i 
1.0 M ethanolamine pH 8.0 overnight at 4°C. The. 
Sepharose beads are then washed with 0.1 M NaHCCU, 0.5 M 
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NaCl (pH 8.3) buffer followed by 0.1 M sodium acetate 
buffer and stored in Tris-saline buffer pH 8.0 containing 
0.001% sodium azide as a preservative. The columns are 
washed with ice-cold 0.1 M glycine-HCl buffer (pH 2.5) 
immediately prior to use to remove any weakly bound 
antibody. 

Example 6 - Esti mation of Antibody Concentrations 
Antibody concentrations are estimated using a 
direct, non- competitive ELISA. Positive control PSA 
peptides are diluted in carbonate/bicarbonate buffer pH 
9.6. to a final concentration of 1 /xg/ml. Aliguots of 200 
Ml are added to each well of a microtiter plate. 
Following overnight incubation at 4°C, plates are washed 
with PBS containing 0.05% (w/v) Tween 20 and blocked with 
gelatin. The same buffer is used for subsequent coupling 
and washing steps. Primary antibody is diluted in PBS- 
Tween 20 and allowed to react for 1 h at 37°C. For the 
assays with bovine sera, this is followed by incubation 
with a 1:500 dilution of 0.5 mg/ml peroxidase labelled 
goat ant i -bovine IgG (H+L) . For assays of rabbit ' 
antisera, reaction with the primary antiserum is followed 
by a 45 min reaction with a 1:1200 dilution of 
biotinylated donkey anti-rabbit IgG, then 45 min with 1: • 
1200 peroxidase coupled streptavidin. 

Peroxidase activity is measured with 1 mg/ml 5- 
aminosalicylic acid and 1.7 mM hydrogen peroxide in 20 mM 
phosphate buffer pH 6.7. Absorbance values are measured 
using a Titretek Multiscan Plus Mk II ELISA reader 
interfaced with an IBM compatible personal computer. 
Data are processed using the Kinetic Linked Immunosorbent. 
Assay (KELA) to yield a kinetic estimate of the 
peroxidase activity. 
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Example 7 - Production of Monoclonal Antibodies 
A preferred embodiment of the present invention is a 
monoclonal antibody that recognizes the peptide antigens 
disclosed herein. Means for preparing and characterising 
antibodies are well known in the art (See, e.g., 
Antibodies "A Laboratory Manual, E. Howell and D. Lane, 
Cold Spring Harbor Laboratory, 1988) . 

To obtain monoclonal antibodies, one would initially 
immunize an experimental animal, often preferably a 
mouse, .with an antigenic PSA peptide composition. One 
would then, after a period of time sufficient to allow 
antibody generation, obtain a population of spleen or 
lymph cells from the animal. The spleen or lymph cells 
can then be fused with cell lines, such as human or mouse 
myeloma strains, to produce antibody- secreting 
hybridomas. These hybridomas may be isolated to obtain 
individual clones which can then be screened for 
production of antibody to the desired PSA peptide. 

Following immunization, spleen cells are removed and 
fused, using a standard fusion protocol- (see, e.g., The 
Cold Spring Harbor Manual for Hybridoma Development, 
incorporated herein by reference) with plasmacytoma cells ■ 
to produce hybridomas secreting monoclonal antibodies 
against the peptide. Hybridomas which produce monoclonal 
antibodies to the selected antigens are identified using 
standard techniques, such as ELISA and Western blot 
methods. 

Hybridoma clones can then be cultured in liquid 
media and the culture supernatants purified to provide 
the PSA peptide-specif ic monoclonal antibodies. 
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Example 8 - The Immunodominant Epitope Motif 
Specifies Protein Loop Structures in Gelonin 
A protein loop structure by definition is comprised 
of a linear sequence of amino acids that originates 
5 beneath or at the surface of a protein, loops out into 
the aqueous environment, and then returns to and may 
travel beneath the outer surface of the protein. 
Carlacci and Englander, BIOPOLYMERS 33:1271-1286 (1993); 
Bryiccoleri et al., Nature 335:564-568 (1988); Fine et 

10 al . , PROTEINS: Structure, Function and Genetics 1:342- 
362 (1986). It is contemplated that loop formation is 
facilitated by the two .characteristics that define the 
immunodominant motif presented here: (1) a hydrophobic- 
hydrophilic- hydrophobic region in a linear sequence of 

15 from twelve to twenty amino acids and (2) a proline, 

usually centrally located in the sequence within or at 
the border of the middle hydrophilic region. Since the 
termini defined in the immunodominant motif are 
hydrophobic, the proposed starting and ending points of 

20 the protein loop are comprised of these hydrophobic amino 
acids and can interact hydrophobically with buried amino 
acids near the protein surface which most likely are also 
hydrophobic. The middle hydrophilic region of the 
immunodominant motif is the proposed location of the^ loop. 

25 amino acids which are extended out from the surface of* 

protein proper. These extended, hydrophilic amino acids 
are biochemically suited to interact with the aqueous 
environment surrounding proteins. The bend in the amino 
acid chain at the motif's centrally located proline aids 

30 in returning the loop to the protein's surface. 

Four peptide segments from the plant protein gelonin 
that met the requirements of the immunodominant motif to . 
various degrees, were ranked for potential 
35 immunodominance . Subsequently, the location of these 
segments was approximated using a three dimensional 
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ribbon model of gelonin . The three gelonin peptide 
segments that ranked highest with respect to the 
immunodominant motif criteria were found to form loop 
structures in the 3-D ribbon model of gelonin. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: BOARD OF REGENTS, THE UNIVERSITY OF 

TEXAS SYSTEM 

(B) STREET: 201 West 7th Street 

(C) CITY: Austin 

. . (D) STATE:.. Texas ■ : 

'(E) COUNTRY: United States of .America 
(F) POSTAL CODE (ZIP) : 78701 

(ii) TITLE OF INVENTION: IMMUNOGENIC PEPTIDES OF 

PROSTATE SPECIFIC ANTIGEN 

(iii) NUMBER OF SEQUENCES: 22 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

- (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) : SOFTWARE: Patentln Release #1.0, Version 
#1.30 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/472,228 

(B) FILING DATE: 07-JUN-1995 

(2) INFORMATION FOR SEQ ID NO: l.- 
fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 240 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Thr- Ilja; ;.j£sij Lys-Glu^ - ... 

< 1 5 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Thr lie Asn ;Lys Qlii .Asp Asp 'Glu Ser Pro ; Gly - 
1 5 io 

(2) INFORMATION FOR SEQ ID NO': 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
*; (C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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- 66 - 
CLAIMS: 



1. A peptide of twelve to twenty-one contiguous 
amino acid residues from the sequence of fig. l, wherein 
said peptide is defined by a motif of about twelve to 
twenty- one amino acid residues in length having two 
hydrophobic and one hydrophilic regions arranged in the 
following manner: 

hydrophobic-hydrophilic-hydrophobic 

wherein each of said hydrophobic and hydrophilic regions 1 ' 
are of about five amino acid residues in length. 



2. The peptide according to claim 1. wherein said 
peptide corresponds to the twenty- one N- or C- terminal 
residues of the sequence of FIG. 1. 



-3. The peptide according to claim 1, wherein , said 
motif further is defined by a proline residue (i); within 
said hydrophilic region, (ii) at the border of said 
hydrophilic region or (iii) at least five amino acid 
residues. from one. end of said peptide. 



4. The peptide according to claim l, wherein said 
peptide further comprises a leucine, isoleucine or lysine 
residue within one or both of said hydrophobic regions. 



5. The peptide according to claim 1, wherein .said" 
peptide further is characterized by. an approximated 360 ° 
(-) cosine hydrophilicity pattern. 
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6. The peptide according to claim 1, wherein the 
amino acid sequence is selected from the group consisting 
of LYTKWHYRKWIKDTIVANP , AVKVMDLPQEPALGTTCYA, 
IVGGWECEKHSQPWQVLVAS, CAQVHPQKVTKFML, 
YLMLLRLSEPAELTDDAVKVM , LLKNRFLRPGDDSSHDLMLLY , and 
ILLGRHSLFHPEDTGQVFQVY . 



7. The peptide according to claim 6, wherein the 
peptide sequence is CAQVHPQKVTKFML. : 



8. A peptide that is a variant of a peptide having 
the amino acid sequence selected from the group 
consisting of LYTKWHYRKWIKDTIVANP, AVKVMDLPQEPALGTTCYA, 
IVGGWECEKHSQPWQVLVAS, CAQVHPQKVTKFML , 
YLMLLRLSEPAELTDDAVKVM, LLKNRFLRPGDDSSHDLMLLY , and 
ILLGRHSLFHPEDTGQVFQVY, wherein said variant has one, two, 
three, four or five residues that are conservative 
variations of the selected sequence. 



9. An antigenic composition comprising the peptide 
of claim 1 and a carrier molecule. 



10. The antigenic composition according to claim 9, 
further comprising an adjuvant. 



11. A polyclonal antisera specific for a peptide of 
twelve to twenty- one contiguous amino acid residues f rom r 
the sequence of FIG. 1, wherein said peptide is defined' 
by a motif of about twelve to twenty- one amino acid 
residues in length having two hydrophobic and one 
hydrophilic regions arranged in the following manner: 
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hydrophobi c - hydrophi lie- hydrophobic 



wherein each of said hydrophobic and hydrophilic regions 
are of about five amino acid residues in length. 



12. The polyclonal antisera of claim 11, wherein 
the peptide sequence is CAQVHPQKVTKFML . 



13. The. polyclonal antisera of claim 11, wherein 
the motif further is defined by a proline residue (i) 
within said hydrophilic region, (ii) at the border of ■ 
said hydrophilic region or (iii) at least five amino acid 
residues from one end of said peptide. 



14. A polyclonal antisera generated by immunization 
of an animal with a peptide of twelve to twenty - one . 
contiguous amino acid residues from the sequence of FIG. 
1, wherein said peptide is defined by a motif of about 
fifteen to twenty-one amino acid residues, in -length 
having two hydrophobic and one hydrophilic regions 
arranged in the following manner: 

hydrophobic-hydrophilic-hydrophobic 

wherein each of said hydrophobic and hydrophilic regions 
are of about five amino acid residues in length. 



15. The polyclonal antisera of claim 14, wherein at 
least 80% of the antibodies of said antisera bind to the 
same determinant of said peptide. 
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16. The polyclonal antisera of claim 14, wherein 
the peptide sequence is CAQVHPQKVTKFML . 

17. A method for diagnosing prostate cancer 
comprising the steps of: 

(i) providing a sample; 

(ii) contacting said sample with antisera specific 
for a peptide according to claim 1; and 

. (iii) detecting the binding said antibody to a 
polypeptide in said sample. 

18. The method according to claim 17, wherein said 
antisera is a polyclonal antisera. 



19. The method according to claim 17, wherein said \. 
method is practiced in vivo. 



20*. The method according to claim 17, wherein said 
method is practiced in vitro. 



21. The method according to claim 20, wherein said 
method is an immunoassay detection system. 
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